This study looked into causality relationship between energy consumption and economic growth in Zimbabwe using time series data spanning from 1980 to 2011. Four views explaining the causality relationship between energy consumption and economic growth include the growth hypothesis, conservation hypothesis, feedback hypothesis and the neutrality hypothesis. Whilst the growth hypothesis argues that energy consumption promotes economic growth, conservation hypothesis says that it is in fact economic growth that drives energy consumption. The feedback hypothesis argues that both energy consumption and economic growth promote each other whilst according to the neutrality hypothesis, no causality relationship exist between the two variables either in the short or long run. Using the bi-variate causality test framework, this study failed to establish any direct causality relationship between energy consumption and economic growth. However, the results imply the existence of an indirect bi-directional causality relationship between the two variables. The study therefore recommends Zimbabwe authorities not only to scale up investment into energy generation capacity improvement infrastructure but also address indirect factors like employment, human capital development, financial market development, and government consumption, among others in order to boost sustainable economic growth.
Introduction
Despite the fact that the causality relationship between energy consumption and economic growth is well grounded in the literature, empirical findings on the direction of causality between the two variables remains largely mixed, inconsistent, inconclusive and far from reaching consensus. Payne (2009) attributed the varying findings to differences in methodology, stage of economic development and type of energy used in the empirical analysis.
There are four dominant contradicting views regarding the causality relationship between energy consumption and economic growth (Odhiambo, 2009; Ewing et al, 2007; Ozturk, 2010 and Lee, 2006) . These views are the growth hypothesis, conservation hypothesis, feedback hypothesis and the neutrality hypothesis. Proponents of the growth view argued that energy consumption stimulates economic growth whilst the conservation view proponents suggested that it is economic growth that spurs energy consumption needs of a country. The feedback view supporters established that both energy consumption and economic growth promote each other while the neutrality view proponents revealed non existence of any causality relationship between energy use and economic growth. Similar studies on energy use and economic growth that focused on developed and other subSaharan African countries have largely been inconsistent, mixed and inconclusive (Odhiambo, 2010) . Very few among these studies employed advanced econometric models such as the ARDL (Auto-Regressive Distributed Lag) approach (Odhiambo, 2010) . Moreover, none of these empirical studies on sub-Saharan African countries focused on Zimbabwe despite the fact that the country provides a fertile ground to investigate the economic growth impact of energy rationing implemented from 2000 up to date. The current study focuses on filling that gap by investigating the causality relationship between energy use and economic growth in Zimbabwe using the bi-variate causality test framework. The study investigates the extent of Zimbabwe's exposure to external energy shocks since the country is currently a net energy importer. The results from the current research will help formulate energy policies that guarantee sustainable and long term economic growth in Zimbabwe.
Total energy consumption (kg of oil equivalent per capita) was used as a proxy of energy consumption whilst GDP per capita was used as a proxy for economic growth. The rest of this study is structured as follows. Part 2 discusses energy consumption and economic growth trends in Zimbabwe whilst part 3 provides an in depth overview of theoretical and empirical literature review. Data and econometric techniques is dealt with in part 4 whilst part 5 concludes the study.
Energy consumption and Economic Growth Trends in Zimbabwe
There has been a general decline in both electric power consumption (kWh/capita) and total energy consumption (kg of oil equivalent per capita) in Zimbabwe during the period from 1980 to 2010 (see Figure 1 ). 
Literature Review
There are four dominant and contradicting perspectives that exist in the literature explaining the relationship between energy consumption and economic growth (see Odhiambo, 2009 ). The first perspective is known as the growth hypothesis which argues that energy consumption spurs economic growth. The second perspective is the conservation hypothesis which says that economic growth drives energy consumption. The third perspective known as the feedback hypothesis maintains that both energy consumption and economic growth promotes each other whilst the fourth perspective called the neutrality hypothesis argues that there is no causality relationship at all between energy consumption and economic growth.
Previous research whose findings resonate with the growth hypothesis include those undertaken by Using aggregated energy consumption data, Tsani (2010) discovered a uni-directional causality relationship running from energy consumption to real GDP in Greece both in the short and long run. The empirical findings from a study by Lee (2005) Mahadevan and Adjaye (2007) supported the growth hypothesis in developing countries in the short run only. The positive impact which a slight increase in electricity consumption cause on economic growth is more pronounced in developed than in developing countries, further argued Mahadevan and Adjaye (2007) . The findings by Wolde-Rufael (2010) supported the growth hypothesis in as far as the causality relationship between nuclear energy consumption and economic growth in India is concerned. Moreover, Wei and Gang (2012) discovered that the positive causality relationship running from energy consumption to economic growth is not just a simple one in China. Efficient energy consumption and continuous development of new energy sources enabled China to realize sustainable economic growth. In a study for the 17 highly developed OECD nations using the bootstrap-corrected causality test, Yildirim and Aslan (2012) discovered a uni-directional causality relationship running from energy consumption to real GDP in Japan. Okafor (2012) A study by Rufael (2012) using the vector autoregressive (VAR) model found no causality relationship at all between nuclear energy consumption and economic growth in Taiwan. The same study in a way suggested that nuclear energy consumption failed to stimulate economic growth. Zhang and Cheng (2009) argued that energy consumption does not have any effect on economic growth, thus contradicting the findings by Mahadevan and Adjaye (2007) . In other words, Zhang and Cheng (2009) suggested that any energy conservation policy does not affect economic growth in both short and long run in China.
Data and Econometric Techniques a) Data
Time series annual data spanning from 1980 to 2011 was used for the purposes of this study. Both real GDP per capita and total energy consumption data were extracted from the World Development Indicators. Real GDP per capita was used as a proxy for economic growth whilst total energy consumption (kg of oil equivalent per capita) was used as a proxy of energy consumption levels in Zimbabwe. At level, both real GDP per capita and energy consumption data was auto correlated but the auto correlation was dealt with at 1 st difference.
b) Unit root tests
Energy consumption and GDP per capita data sets were tested for unit root in both levels (see Table 1 ) and first difference (see Table 2 ) using both the Augmented Dickey Fuller (ADF) and the PhilipsPerron (PP) tests. The unit root testing procedure has to be done before any investigation about the significance and direction of causality relationships is performed. 3) The truncation lag for the PP tests is based on Newey and West (1987) bandwidth.
Using both the ADF and PP tests at levels, both energy consumption and GDP per capita were found to be non-stationary. This is because both the ADF and PP test were greater in value than the critical values. The next step was then done, which is to test for the stationarity at first difference using both the ADF and PP tests (see Table 2 ). The results of the unit root tests shown in Table  2 show that energy consumption and GDP per capita data sets are stationary at first difference. This is because both ADF and PP test value were lower in value than the critical values.
c) Johansen Co-integration Testing Procedure
After removing the auto-correlation and ensuring stationarity in both real GDP per capita and energy consumption data, the next step was to test the existence of the significant relationship between the variables. This was done by employing the Johansen Co-integration Testing Procedure (see Table 3 ). Due to fact that auto-correlation has already been dealt with by 1 st differencing, the author assumed no deterministic trend and intercept (no trend) in the cointegrating equation for both variables. We reject the null hypothesis that there is no significant long run relationship since Eigen value is lower than the critical values. The results show that there is a significant bi-directional long run relationship between the variables.
d) Granger causality tests
After establishing the existence of a significant relationship between real GDP per capita and energy consumption, the next step was to determine the direction of causality between the two variables. This was done by performing Granger causality tests (see Table 4 ). We fail to reject the null hypothesis because the p-values is greater than 0.05 and the F-statistic is less than 4. The results of this study are consistent with the neutrality hypothesis. The study reveal that GDP per capita does not Granger cause energy consumption and also energy consumption does not Granger cause GDP per capita. The finding contradicts the cointegration results (see Table 3 ). The contradiction makes it clear that energy consumption and GDP per capita indirectly promotes each other in Zimbabwe via other factors such as employment, human capital development, financial market development, and government consumption, among others as suggested by literature.
Conclusion
This study looked into causality relationship between energy consumption and economic growth in Zimbabwe using time series data spanning from 1980 to 2011. Four views explaining the causality relationship between energy consumption and economic growth include the growth hypothesis, conservation hypothesis, feedback hypothesis and the neutrality hypothesis. Whilst the growth hypothesis argues that energy consumption promotes economic growth, conservation hypothesis says that it is in fact economic growth that drives energy consumption. The feedback hypothesis argues that both energy consumption and economic growth promote each other whilst according to the neutrality hypothesis, no causality relationship exist between the two variables either in the short or long run. Using the bi-variate causality test framework, this study failed to establish any direct causality relationship between energy consumption and economic growth. However, the results imply the existence of an indirect bidirectional causality relationship between the two variables. The study therefore recommends Zimbabwe authorities not only to scale up investment into energy generation capacity improvement infrastructure but also address indirect factors like employment, human capital development, financial market development, and government consumption, among others in order to boost sustainable economic growth.
